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@ IC card. 



@ The invention provides an IC card which per- 
forms control of allowing or inhibiting input of a 
clock signal externally of the card via no CPU. In 
the present IC card, those ones of a CPU 1a, a 
UART 7a, a timer 3 and an EEPROM 5a which 
require the clock signal for operation generate 
operation signals. In accordance with these 
operation signals, a clock control circuit 8 per- 
forms control of allowing or inhibiting input of 
the clock signal externally of the card without 
intervention of the CPU 1a. Supply of the clock 
signal to the CPU 1a is stopped upon an STP 
command executed by the CPU 1a, and re- 
sumed in accordance with any of start-up select 
conditions set by the CPU 1a and correspond- 
ing one of operation end signals from the UART 
7a, the timer 3 and the EEPROM 5a. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an IC card, and 
more particularly to a standby function of the IC card. 

DESCRIPTION OF THE RELATED ART 

When IC cards are used with battery-driven port- 
able equipment such as portable telephones, a reduc- 
tion in electric power consumed by t he IC cards is re- 
quired for prolonging a service life of batteries. To this 
end, there are utilized CMOS techniques in relation to 
the semiconductor manufacture technology, a stand- 
by function of stopping supply of a clock signal to a 
CPU during the blank time in the course of CPU proc- 
essing to thereby cease the operation, and so on. 

IC cards have been conventionally employed in 
the form of credit cards, bank cards, clinic cards, 
member cards, ID cards, etc. In these application 
fields, cards are inserted to readers/writers for proc- 
essing only when required, and normally carried by 
card possessors. Meanwhile, IC cards have recently 
become more commonly used with battery-driven 
portable equipment such as portable telephones. In 
this case, once set into the portable equipment, the 
IC card is left there for use. In other words, as long 
as the portable equipment is kept energized, the IC 
card also continues being energized. Because of 
portable equipment, however, wasteful consumption 
of their batteries requires to be held down as small as 
possible. Accordingly, it is desired that IC cards are 
maintained in a standby state in which electric power 
is less consumed, and start operation upon receiving 
an input signal. 

A description will be first given of prior art having 
no standby state. Fig. 7 is a block diagram schemati- 
cally showing the internal configuration of a conven- 
tional IC card with no standby function. In Fig. 7, an 
IC card 1 0 comprises a CPU (Central processing Unit) 
1 for executing arithmetic operations and control 
steps necessary for data processing, i.e., for carrying 
out execution and control of various programs re- 
quired for data processing, a ROM 4 as a program 
memory for storing the programs required for data 
processing, etc., i.e., for storing programs to execute 
various functions which are actually used by card 
users, a writable nonvolatile EEPROM (Electrically 
Erasable programmable ROM) 5 as a personal infor- 
mation memory for storing personal information of a 
card user and so on, a RAM 6 as a temporary storage 
memory for temporarily storing data necessary for 
data processing, an input/output circuit 7 serving to 
input and output data from and to an xternal unit (not 
shown), and a system bus 2 for connecting the above 
components to one another. 

Further, denoted by P1 is a positiv source power 



input terminal, P2 is a negativ sourc power input 
terminal, P3 is a r set terminal through which a r set 
signal for initializing th CPU 1 is input, P4 is a clock 
terminal through which a clock signal is input, and P5 
5 is an I/O terminal through which data is input and out- 
put. Connected to the I/O terminal P5 is the input/out- 
put terminal 7 which is in turn connected to the sys- 
tem bus 2. The input/output circuit 7 serves to input 
and output data between the IC card 10 and the ex- 
w ternal unit via the I/O terminal P5. 

Fig. 8 shows an example of the circuit configura- 
tion of principal parts of an I C card using an 8- bit mi- 
crocomputer M38002 which has a standby function. In 
Fig. 8, denoted by 20 is a microcomputer comprising 
15 M38002 and 30 is an EEPROM comprising 
M5M28C64A. The EEPROM 30 is connected to the 
microcomputer 20 and operated entirely under control 
of the microcomputer 20. The microcomputer 20 in- 
cludes functions corresponding to the CPU 1, the 
20 ROM 4, the RAM 6 and the input/output circuit 7 in 
Fig. 7. Also, terminals P1 to P5 correspond to the ter- 
minal P1 to P5, respectively. 

A positive source power terminal (Vcc) of the mi- 
crocomputer 20 is connected to the positive source 
25 power input terminal P1 , while a negative source pow- 
er terminal (Vss) and a mode setting input terminal 
(CNVss) are both connected to the negative source 
power input terminal P2. A clock input terminal (XIN) 
is connected to the clock terminal P4 and a reset ter- 
30 minal (RESET) is connected to the reset terminal P3. 
The microcomputer 20 includes, as the input/output 
circuit 7, a UART (Universal Asynchronous Receiv- 
er/Transmitter) (not shown separately) of which input 
terminal (RxD) and output terminal (TxD) are both 
35 connected to the I/O terminal P5. An interrupt input 
terminal (INT) is also connected to the I/O terminal 
P5. Between the microcomputer 20 and the EE- 
PROM 30, there are connected an address bus 21, a 
data bus 22, a chip enable signal line 23, an output en- 
40 able signal line 24 and a write enable signal line 25. 

The circuit of Fig. 8 is operated to provide a stand- 
by function as follows. When a CPU (not shown sep- 
arately) in the microcomputer 20 has completed the 
processes to be executed by itself, it stops operation 
45 by executing a stop command (STP command) or a 
wait command (WIT command) stored in the ROM. 
Specifically, the CPU inhibits a clock signal from be- 
ing applied through the clock input terminal (XIN), 
and executes the STP command when operation of all 
so the card parts should be stopped, or the WIT com- 
mand when operation of only the CPU should be in- 
hibited. 

When operation of ail the card parts is stopped 
upon th STP command, the CPU is started up by ap- 
55 plying a start-up command via the interrupt input ter- 
minal (INT) connected to the I/O t rminal P5, so that 
all the functions restore to operabl stat s. On the 
oth r hand, when only the CPU is stopped upon the 
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WIT command, th UART as th input/output circuit 
continues perating and, at th time transmission r 
r c pti n of data in th UART has come to th nd, 
the CPU is started up for proceeding to the next op- 
eration. Power consumption is of course smaller in 
the stop state upon the WIT command than in the 
stop state upon the STP command. 

With the conventional IC card having a standby 
function arranged as mentioned above, the determi- 
nation whether to inhibit input of the clock signal ex- 
ternally of the card upon the STP command, or stop 
the clock signal only for operating the CPU upon the 
WIT signal is made by the CPU in accordance with 
the program. This has raised the problems that the 
program is so complicated as to need a lot of labor and 
time for programming, and the burden exposed on the 
CPU is increased. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished 
with a view of solving the problems as set forth 
above, and its object is to provide an IC card having 
a standby function in which the determination as to 
whether a clock signal is inhibited from being input ex- 
ternally of the card or not is made via no CPU, thereby 
relieving the burden required for programming and 
enabling a further saving in power consumption. 

To achieve the above object, the present inven- 
tion is intended for an IC card comprising data in- 
put/output means started up upon detection of a start 
bit added to the head of data for performing data in- 
put/output control between said card and the exterior; 
data processing means for performing data process- 
ing; nonvolatile memory means for storing programs 
to be executed by said data, processing means; writ- 
able nonvolatile memory means for storing various 
data; clock control means for performing input control 
of a clock signal externally of said card; timer means 
for counting a set time; and system bus means for in- 
terconnecting said respective means, wherein those 
ones of said data input/output means, said writable 
nonvolatile memory means, and said timer means 
which require said external clock signal for operation 
generate operation signals indicating that the corre- 
sponding means are under operation and need said 
clock signal; and said clock control means includes a 
switching control section for performing control of al- 
lowing or inhibiting supply of said clock signal to said 
data processing means in accordance with operating 
states of said respective means, and a clock input 
control section operating in accordance with a state 
of said switching control section and states of said op- 
eration signals such that when any one or more 
means are under op ration and n ed said clock sig- 
nal, said clock signal is allow d to be input and sup- 
plied to those means, the supply f said control signal 
to said data processing m ans being controlled via 



said switching control section, and wh n all said 
m ans ar in states f n t needing said clock signal, 
input of said clock signal is inhibited, th reby control- 
5 ling supply of said clock signal to said respective 
means. 

in the IC card of the present invention, the clock 
control means functions in such a manner as to allow 
input of the clock signal externally of the card if any 

10 of means requiring the external clock signal for op r- 
ation is under operation, to allow the clock signal to 
be continuously input even after the data processing 
means has stopped operation if any of means is still 
in a state of needing the clock signal, and to inhibit in- 

15 put of the dock signal without intervention of the data 
processing means when all the means are in stat s 
of not requiring the clock signal. Further, when data 
is input from the exterior in a standby state of the I C 
card, the data output means detects the input data 

20 and sends to the clock control means an operation 
signal indicating that the clock signal is need d, 
whereupon the clock control means allows input of 
the clock signal. Accordingly, input of the clock signal 
is allowed without intervention of the data processing 

25 means. Thus, the data processing means, i.e., a 
CPU, is only required to be always stopped upon an 
STP command and input control of the clock signal is 
performed by the clock control means. 

30 BRIEF DESCRIPTION OF THE INVENTION 

Fig. 1 is a block diagram showing the internal 
configuration of an IC card according to one embodi- 
ment of the present invention. 
35 Fig. 2 is a block diagram schematically showing 

the internal configuration of a UART in Fig. 1. 

Fig. 3 is a diagram showing the bit configuration 
of data. 

Fig. 4 is a circuit diagram of a clock control circuit 
40 in Fig. 1 . 

Fig. 5 is a block diagram showing the internal 
configuration of an IC card according to another em- 
bodiment of the present invention. 

Fig. 6 is a circuit diagram of a clock control circuit 
45 in Fig. 5. 

Fig. 7 is a block diagram showing the internal 
configuration of a conventional IC card. 

Fig. 8 is a diagram showing the internal configur- 
ation of an IC card having a standby function. 

50 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, preferred embodiments of the pres- 
55 ent invention will be described with reference to th 
accompanying drawings. 

Fig. 1 is a block diagram sh wing th int rnal 
configuration of an IC card with a standby function ac~ 
c rding t on embodiment of th pres nt invention. 
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An IC card 100a shown in Fig. 1 is of the same basic 
configuration as the conventional IC card with a 
standby function shown in Fig. 8, but Fig. 1 illustrates 
the IC card 100a in the form of functionally separated 5 
blocks. Specifically, denoted by 1a is a CPU for exe- 
cuting data processing, etc., 2a is a system bus, 3 is 
a timer, 4a is a ROM storing programs necessary for 
data processing, etc., 5a is a writable nonvolatile EE- 
PROM, 6a is a RAM as a temporary storage memory, 10 
and 7a is a UART as an input/output circuit. 

The present IC card is different from the conven- 
tional one in the following points. First, there is pro- 
vided a clock control circuit 8 connected to the clock 
terminal P4 for controlling input of a clock signal ex- 15 
ternally of the card, thereby achieving the standby 
function. Next, the UART 7a, the timer 3 and the EE- 
PROM 5a supply, to the clock control circuit 8, oper- 
ation signals (see a UART signal, a TIMER signal and 
an EEPROM signal in Fig. 4) each indicating that the 20 
corresponding circuit is under operation and needs 
the clock signal. 

Also, the UART 7a, the timer 3 and the EEPROM 
5a separately supply, to the clock control circuit 8, op- 
eration end signals (see an RBF signal, a TBE signal, 25 
a TSC signal, a TIMUP signal and an EERDY signal 
in Fig. 4) each indicating that a corresponding prede- 
termined operation has been completed. The clock 
control circuit 8 controls input of the clock signal ex- 
ternally of the card in accordance with the operation 30 
signals and a signal indicating whether the CPU 1a 
needs an internal clock signal or not, and controls 
supply of the internal clock signal to the CPU 1a in ac- 
cordance with the operation end signals and later-de- 
scribed start-up select conditions set by the CPU 1a. 35 

Furthermore, while the ROM 4a stores the pro- 
grams for carrying out various functions to be execut- 
ed by the CPU 1a, the IC card of the present invention 
determines in the clock control signal 8 as to whether 
to inhibit input of the clock signal externally of the card 40 
or stop only the internal clock signal necessary for op- 
eration of the CPU 1a and, therefore, the programs 
stored in the ROM 4a include no programming related 
to such a determination process. 

Additionally, the UART 7a constitutes data in- 45 
put/output means, the CPU 1a data processing 
means, the ROM 4a nonvolatile memory means for 
storing programs, the EEPROM 5a writable nonvola- 
tile memory means for storing various data, the clock 
control circuit 8 clock control means, the timer 3 timer 50 
means, and the system bus 2a system bus means, re- 
spectively. 

Fig. 2 is a block diagram schematically showing 
the internal configuration of the UART 7a in Fig. 1. 
The UART 7a performs input/output control of data 55 
which is input and output via the I/O terminal P5. De- 
noted by 71 is a shift register for converting a serial 
signal input through the I/O terminal P5 into a parallel 
signal which is sup pi i d to the system bus 2a, and for 
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converting a parallel signal from th system bus 2a 
into a s rial signal which is supplied to th I/O termi- 
nal P5. 72 and 73 ar an input buff r and an output 
buffer inserted between the shift register 71 and the 
system bus 2a, respectively. 75 is an input data de- 
tecting circuit formed of a flip-flop which generates 
the UART signal upon a start bit at the head of data 
being applied to the I/O terminal P5. The UART signal 
is supplied to the clock control circuit 8 for indicating 
that the UART 7a needs the external clock signal for 
its operation. As shown in Fig. 3, external data being 
of 8 bits usually comprises a start bit (1 bit) of "L" level, 
subsequent data (8 bits), and a further subsequent 
parity bit (1 bit). Using such external data, the start bit 
is detected by the input data detecting circuit 75, 
whereupon the UART 7a is started up. 

Fig. 4 shows a circuit diagram of the clock control 
circuit 8 in Fig. 1. The external clock signal applied 
through the clock terminal P4 is connected to one in- 
put terminal of a NAND gate 101, and a clock signal 
CLK outputfrom the NAND gate 1 01 is supplied to the 
timer 3, the UART 7a, the EEPROM 5a and a 1/4 fre- 
quency dividing circuit 103. The 1/4 frequency divid- 
ing circuit 103 divides the frequency of the clock sig- 
nal supplied to the same into 1/4, and a resulting sig- 
nal is supplied to one input terminal of a NAND gate 
102. 

An output signal of the flip-flop 104 is supplied to 
the other input terminal of the NAND gate 102. The 
flip-flop 104 determines whether to stop the CPU 1a 
or not, i.e., whether to inhibit or allow supply of the in- 
ternal clock signal to the CPU 1a. When the output 
signal of the flip-flop 1 04 is at an "H" level, the NAND 
gate 102 supplies the clock signal having thefrequ n- 
cy divided into 1/4, as an internal clock signal ICLK, 
to the CPU 1a. When the output signal of the flip-flop 
1 04 is at an "L" level, an output terminal of the NAND 
gate 102 is held at an "H" level to keep the internal 
clock signal ICLK in a stopped state. The flip-flop 104 
is reset upon an STP command (or an STP signal) 
executed by the CPU 1a itself, and set upon an output 
signal of "H" level from an OR gate 106. 

Connected to the OR gate 106 are output signals 
of AND gates 107 to 111 and a RESET signal (i.e., a 
reset signal) for forcibly starting up the CPU 1a. Ap- 
plied to one input terminals of the AND gates 1 07, 108 
and 1 09 are from the UART 7a, respectively, the RBF 
signal indicating that the UART 7a has received data 
and transferred the data to the input buffer 72, the 
TBE signal indicating that the output buffer 73 of the 
UART 7a is vacant and the CPU 1a can write trans- 
mitted data into the output buffer 73, and the TSC sig- 
nal indicating that the UART 7a has completed trans- 
mission and the output buffer 73 and the shift register 
71 have become vacant. Applied to one input terminal 
oftheANDgate110isfromthetim r3th TIMUPsig- 
nalindicatingthatthetimer3hasr ach dasetvalue. 
Finally, applied to one input terminal of the AND gate 
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111 is fr m the EEPROM 5a th EERDY signal indi- 
cating that writ peration into th EEPROM 5a has 
compl ted. In r sponse to any of the above signals, 
the CPU 1a is selectively started up. 5 

A select register 1 1 5 is a register Into which start- 
up select conditions are written from the CPU 1 a and 
of which outputs indicating the respective start-up se- 
lect conditions are applied, as an RBFEN signal, a 
TBEEN signal, a TSCEN signal, a TIMUPEN signal 10 
and an EERDYEN signal (collectively referred to as 
start-up select condition signals), to the other input 
terminals of the AND gates 107 to 111. Upon writing 
into the select register 115 from the CPU 1a, some re- 
quired start-up condition is selected and the selected 15 
start-up select condition signal takes an "H" level. In 
the case, for example, where the CPU 1a has select- 
ed one such a start-up select condition as that the 
UART 7a has received data and transferred the data 
to the input buffer 72, the RBFEN signal is turned to 20 
an "H" level and, thereafter, when the RBF signal as 
the operation end signal is turned to an TP level upon 
the UART 7a having received data and transferred 
the data to the input buffer 72, the output of the AND 
gate 107 takes an "H" level. Note that the select reg- 25 
ister 115 is not always included in the clock control cir- 
cuit 8, and may be included in the CPU 1 a, for exam- 
ple, in some cases. 

An OR gate 105 receives the operation signals 
from the UART 7a, the timer 3 and the EEPROM 5a, 30 
as well as the output of the flip-flop 104 as the oper- 
ation signal for the CPU 1a. When any of the opera- 
tion signals indicates that the corresponding circuit is 
under operation, the output signal of the OR gate 105 
turns to an TP level and is connected to the other in- 35 
put terminal of the NAND gate 101; When the output 
signal of the OR gate 105 is at an TP level, the ex- 
ternal clock signal is allowed to enter therethrough, 
followed by supplying the clock signal CLK to the 
timer 3, the UART 7a, the EEPROM 5a and the 1/4 40 
frequency dividing circuit 103. Further, when the CPU 
1 a is under operation and the output signal of the flip- 
flop 104 is at an "H" signal, the internal clock signal 
ICKL, resulted from dividing the frequency of the ex- 
ternal clock signal into 1/4, is supplied to the CPU 1 a. 45 
On the contrary, when all the above circuits are stop- 
ped in operation, the output signal of the OR gate 105 
takes an "L" level so that input of the external clock 
signal is inhibited and no clock signals are supplied to 
any circuits. so 

Stated otherwise, when the CPU 1a is in a stop- 
ped state, the output signal of the OR gate 105 indi- 
cates that any of the UART 7a, the timer 3 and the 
EEPROM 5a is under operation and needs the clock 
signal xt rnally of the card. In particular, when the 55 
I/O terminal P5 is shifted from an TP I vel to an T." 
I vel, th UART 7a is started up even in a state wher 
n clock signals ar applied to the UART 7a, thereby 
gen rating th UART signal which indicat s that the 



UART 7a n eds th cl ck signal. Accordingly, at th 
time of th I/O terminal 5 being shifted fr m an "H" 
level to an "L" level, supply of the clock signal to the 
UART 7a Is resumed so that the UART 7a can prop- 
erly receive the input signal. 

It should be note that, in Fig. 4, 104, 106 to 111 
and 115 jointly constitute a switching control section, 
and 101 to 103 and 105 jointly constitute a clock sig- 
nal control section. Also, 104 and 106 to 111 jointly 
constitute a temporary storage section. 

General operation of the CPU 1a in the present 
invention will be described below. In the present in- 
vention, the CPU 1a stops operation upon the STP 
command in all cases without using a WIT command. 
After executing the desired processing, the CPU 1a 
writes one or more required select conditions into the 
select register 115 and then comes into a stopped 
state by executing the STP command. Upon writing of 
the start-up select conditions, the corresponding out- 
put signals of the select register 115 are turned t an 
TP level. Subsequently, when any of the UART 7a, 
the timer 3 and the EEPROM 5a comes into a stat 
of permitting the CPU 1a, as a data processing s c- 
tion, to execute read/write operation for the associat- 
ed circuit, the corresponding operation end signal 
which indicates the end of the just preceding opera- 
tion is turned to an TP level. This causes any output 
sig nal of t he AN D gates 1 07 to 1 1 1 to take an "H" lev I , 
whereupon the output signal of the flip-flop 104 be- 
comes an "H" level. The internal clock signal is th re- 
by supplied to the CPU 1a to start up the CPU 1a for 
executing the next process. The period from the stop 
of operation after writing the start-up select condi- 
tions to the subsequent start-up represents a blank 
time of the CPU 1a. Since the determination wheth r 
to inhibit input of the clock signal externally of the card 
or to inhibit input of the clock signal to the CPU 1 a only 
is made by the clock control circuit 8, the CPU 1a is 
not required to make that determination and is always 
stopped upon the STP command as mentioned 
above. 

Next, a description will be given of more specific 
operations. 

1) When transmitting data of 2 bytes in succession 

The CPU 1 a sets the TBEEN signal to an "H" I vel 
by writing the corresponding start-up select condition 
into the select register 115. After that, the CPU 1a 
stops operation by executing the STP command. Th 
CPU 1a is then kept stopped until the TBE signal 
turns to an TP level. When there establishes a state 
of enabling data to be written into the output buffer 73 
aft r th UART 7a has compl ted the just preceding 
operation, th TBE signal is turned to. an "H" I vel. 
The output signal of the AND gate 108 is thereby 
turned an "H" signal, causing the output of the flip- 
flop 104 to tak an TP level via the OR gate 106. 
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wh r upon the dock signal is supplied to th CPU 1a 
for starting up it. The CPU lath n writes data into the 
output buffer 73 of th UART 7a. After writing the 
data, the CPU 1a stops operation by executing the 
STP command. Subsequently, the CPU 1a is kept 
stopped until the TBE signal turns to an "H" level 
again. When the TBE signal is turned to an "H" level, 
the CPU 1a writes the next data into the output buffer 
73. After writing that data, the CPU 1a proceeds to 
the next process. 

2) When receiving data externally of card in series 
of processing 

The RBFEN signal and the TIMUPEN signal of 
the select register 115 is set to an "H" level by the 
CPU 1a. Also, the CPU 1a sets a predetermined time 
in the timer 3 and, simultaneously, allows the opera- 
tion of the timer 3. After that, the CPU 1a stops oper- 
ation by executing the STP command. The CPU 1 a is 
then kept stopped until any of the RBF signal from the 
UART 7a and the TIMUP signal from the timer 3 turns 
to an "H" level. When the RBF signal is turned to an 
"H" level upon the data externally of the card being re- 
ceived, or when the TIMUP signal from the timer 3 is 
turned to an "H" level upon a time-out after the elapse 
of the predetermined time, the CPU 1a proceeds to 
the next process. 

3) When writing data into EEPROM 

The EERDYEN signal of the select register 115 is 
set to an "H" level by the CPU 1 a. After instructing the 
EEPROM 5a to write data, the CPU 1a stops opera- 
tion by executing the STP command. The EEPROM 
5a performs a writing process and, at the completion 
of this process, the EERDY signal is turned to an "H" 
level. The CPU 1a is kept stopped until the EERDY 
signal turns to an "H" level and, thereafter, executes 
the next process. 

4) When waiting the lapse of time 

The TIMUPEN signal of the select register 115 is 
set to an "H" level by the CPU 1a. Then, after setting 
a predetermined time in the timer 3 and allowing it to 
start operation, the CPU 1a stops operation by exe- 
cuting the STP command. The timer 3 continues 
counting, and when the set time has elapsed, the 
TIMUP signal is turned to an "H" level. Upon the TIM- 
UP signal turning to an W H H level, the CPU 1a is start- 
ed up to execute the next process. 

5) When transmitting data after completion of a 
series of processing, followed by coming into 
standby state 

The TBE EN signal of the select regist r 11 5 is set 



toan"H"l velbyth CPU 1a. Then, the CPU 1a stops 
op ration by executing the STP command. Th CPU 
1 a is k pt stopped until the TBE signal from the UART 

5 7a turns to an "H" level. When there establishes a 
state of enabling data to be written into the output buf- 
fer 73 of the UART 7a, the TBE signal is turned to an 
"H" level for starting up the CPU 1a. Then, the CPU 
1a writes the data into the output buffer 73 of the 

10 UART 7a. After the writing, the CPU 1a sets the 
RBFEN signal of the select register 115 to an "IT lev- 
el, followed by stopping operation by executing the 
STP command. When the data transmission is com- 
pleted in the UART 7a and the operation of the UART 

15 7a is stopped, input of the external clock signal is in- 
hibited by the NAND gate 101, thereby bringing the 
CPU 1a into a standby state. 

6) When started up from standby state 

20 

In the standby state where ail the circuits are 
stopped and input of the external clock signal is inhib- 
ited, when a signal is input to the I/O terminal 5 for 
turning to an "L" level, the UART 7a is started up and 

25 the UART signal (operation signal) of "H" level, indi- 
cating that the UART 7a is under operation, is input 
to the OR gate 1 05. The external clock signal is there- 
by allowed to enter through the clock input terminal 
P4 for supply to the UART 7a, making the UART 7a 

30 enabled to receive data. After completely receiving 
the data, the RBF signal is turned to an "H" lev I. 
Since the RBFEN signal has been already turned to 
an "H" level as stated in the above case of 5), the out- 
put signal of the AND gate 107 takes an "H" level, 

35 whereupon the clock signal is supplied to the CPU 1a 
so that the CPU 1a is started up for executing the 
next process. 

7) When noise enters I/O terminal in standby state 

40 

In the standby state where input of the external 
clock signal is inhibited, when noise enters the I/O ter- 
minal 5 for turning to an "L" level, the UART 7a is 
started up and the UART signal of "H" level, indicating 

45 that the UART 7a is under operation, is input to the 
OR gate 105. The external clock signal is thereby al- 
lowed to enter through the clock input terminal P4 for 
supply to the UART 7a, making the UART 7a enabled 
to receive data. Generally, however, the UART has a 

so function of determining whether the received data is 
normal or not by detecting the start bit at the data 
head. Accordingly, in such a case of noise entering, 
since the start bit cannot be confirmed, the UART 7a 
stops operation and the UART signal turns to an "L" 
55 level. This brings th card again into the standby state 
where input of the xternal clock signal is inhibited. 

The external data contains, as shown in Fig. 3, 
the start bit (1 bit) of "L" lev I at th head of its string. 
Therefore, wheth r the input signal is normal data or 
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not can b d t rminedbyc nfirmingth start bit. Th 
confirmation of the start bit may be carried ut as fol- 
I ws f f r xampl . By confirming that the input signal 
remains at an level after 1/2 bit subsequent to its 5 
shifting from an "H" level to an "L" level, the data is 
judged to be normal if so. On the other hand, if the 
input signal is at an "H" level after 1/2 bit, it is judged 
as noise. 

10 

8) When UART 7a is UART with byte resending 
function and parity error in received dada his found 
in standby state 

In this case, the UART 7a is of a UART with a byte 15 
resending function as disclosed in, for example, Jap- 
anese patent Laid-Open No. 57-21145 (USP 
4,556,958). In the standby state where all the circuits 
are stopped and input of the external clock signal is 
inhibited, when a signal is input to the I/O terminal 5 20 
for turning to an "L" level, the UART 7a is started up 
and the UART signal, indicating that the UART 7a is 
under operation, is input to the OR gate 105. The ex- 
ternal clock signal is thereby allowed to enter through 
the clock input terminal P4, making the UART 7a en- 25 
a bled to receive data. Then, the UART 7a starts op- 
eration of receiving the data. In the course of this op- 
eration, when a parity error is detected, the UART 7a 
transmits a resending request signal. After that, the 
UART 7a stops operation and the UART signal, indi- 30 
eating that the UART 7a is under operation, is turned 
to an "L" level, followed by coming into the standby 
state. 

Meanwhile, some EEPROM's have internal 
clocks built therein and require no clock signals ex- 35 
ternally of cards. Therefore, a description will be given 
below of another embodiment in which the present in- 
vention is applied to an IC card having such an EE- 
PROM. 

Fig. 5 is a block diagram showing the internal 40 
configuration of an IC card 100b according to another 
embodiment of the present invention. The IC card 
1 00b of Fig. 5 is different from the IC card 1 00a of Fig. 
5 in that an EEPROM 5b has a clock generator 50 built 
therein. Accordingly, it is not required for the EE- 45 
PROM 5b to generate an operation signal (EEPROM 
signal) for requesting the external clock signal. Cor- 
responding to the above modification, the clock con- 
trol circuit 8 of Fig. 5 is also modified to a clock control 
circuit 8a shown in a circuit diagram of Fig. 6. In other so 
words, the determination as to whether input of the 
external clock signal should be allowed or inhibited is 
made in accordance with the operation signals 
(UART signal and TIMER signal) from the UART 7a 
and the timer 3, as well as the output of the flip-flop 55 
40. The need of supplying th clock signal to the EE- 
PROM 5b is of cours eliminated. 

Operation of this mbodim nt is basically similar 
to the above mbodiment and hence a detailed de- 



scription will not be repeated. In this mbodim nt, 
when the CPU 1a, the UART 7a and th timer 3 are 
all stopp d in p ration, the output signal of th OR 
gate 105 in Fig. 6 takes an "L" level so that input of 
the external clock signal is inhibited and no clock sig- 
nals are supplied to any circuits. Accordingly, the op- 
eration in the case of "3) When writing data into EE- 
PROM" described relating to the operation of the 
above embodiment, for example, proceeds in this em- 
bodiment as follows. After instructing the EEPROM 
5b to write data, the CPU 1a stops operation by ex - 
cuting the STP command. Following this stop, input 
of the external signal is inhibited untfl the EERDY sig- 
nal takes an "H" level. 

According to the IC card of the present invent! n, 
as described above, a clock control circuit is provid d 
which functions in such a manner as to allow input of 
a clock signal externally of the card even with th 
CPU being stopped if any of means requiring the x- 
ternal clock signal for operation is under operation, to 
allow the clock signal to be continuously input even 
after the CPU has stopped operation if any of means 
requiring the external clock signal is still under oper- 
ation, and to inhibit input of the clock signal with ut 
intervention of the CPU when all the means ar in 
states of not requiring the clock signal. As a result, 
there are obtained advantages that the IC card can 
be automatically brought into a standby state with ut 
intervention of any software, programs necessary for 
operating the CPU can be more easily prepared, and 
the burden imposed on the CPU can be lessened in 
terms of processing. 



Claims 

1. An IC card comprising: 

data input/output means started up upon 
detection of a start bit added to the head of data 
for performing data input/output control between 
said card and the exterior, 

data processing means for performing 
data processing, 

nonvolatile memory means for storing pro- 
grams to be executed by said data processing 
means, 

writable nonvolatile memory means for 
storing various data, 

clock control means for performing input 
control of a clock signal externally of said card, 

timer means for counting a set time, and 

system bus means for interconnecting 
said respective means, wherein: 

those ones of said data input/output 
means, said writable nonvolatile m mory means; 
and said timer m ans which r quir said xternaf 
clock signal for operation g n rate peration sig- 
nals indicating that th corresponding means are 
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2. 



3. 



under operation and n ed said clock signal, and 
said cl ck control m ans includes a 
switching controls cti nforp rforming control of 
allowing or inhibiting supply of said clock signal to 
said data processing means in accordance with 
operating states of said respective means, and a 
clock input control section operating in accor- 
dance with a state of said switching control sec- 
tion and states of said operation signals such that 
when any one or more means are under operation 
and need said clock signal, said clock signal is al- 
lowed to be input and supplied to those means, 
the supply of said control signal to said data proc- 
essing means being controlled via said switching 
control section, and when all said means are in 
states of not needing said clock signal, input of 
said clock signal is inhibited, thereby controlling 
supply of said clock signal to said respective 
means. 

An IC card according to claim 1 wherein said data 
input/output means, said writable nonvolatile 
memory means, and said timer means all require 
said external clock signal for operation and gen- 
erate said operation signals indicating that the 
corresponding means are under operation and 
need said clock signal. 

An IC card according to claim 1 wherein said writ- 
able nonvolatile memory means has a clock gen- 
erator for itself, while said data input/output 
means and said timer means both require said 
external clock signal for operation and generate 
said operation signals indicating that the corre- 
sponding means are under operation and need 
said clock signal. 

An IC card according to claim 1 wherein said data 
input/output means comprises a UART having a 
shift register and being capable of asynchronous 
transmission and reception, and said UART has 
an input data detecting circuit for detecting the 
start bit of said data externally of said card. 

An IC card according to claim 1 , wherein said data 
input/output means, said writable nonvolatile 
memory means, and said timer means all gener- 
ate various operation end signals indicating that 
operations of the corresponding means instruct- 
ed from said data processing means have been 
completed, and 

said switching control section of said clock 
control means includes a select register for stor- 
ing start-up select conditions set by said data 
processing means, and a temporary storage sec- 
tion for allowing or inhibiting supply of said clock 
signal necessary for operation of said data proc- 
essing means in accordance with output signals 
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55 



of said shift regist r and said various operation 
end signals, said clock input control section oper- 
ating in accordance with a state of said temporary 
storage section and states of said operation sig- 
nals such that when any one or more means are 
under operation and need said clock signal, said 
clock signal is allowed to be input and supplied to 
those means, the supply of said control signal to 
said data processing means being controlled via 
said temporary storage section, and when all said 
means are in states of not needing said clock sig- 
nal, input of said clock signal is inhibited. 
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